then the control children must be like them in every other relevant respect except that particular influence. If the probands are not doing well in school, then the control children must also be doing poorly; but the next child on the school roster may be a good student. Therefore, it is necessary to use matched controls -unexposed children who are selected as controls precisely because they have the same baseline properties as the probands -in this case a comparable level of school performance. The effects of this selection are well known (5, 8) particularly in the context of before-and-after or test-retest designs. The matched controls will seem to gain on the probands in school performance during the experimental interval, but these gains are due to regression effects and are purely apparent; in reality they do not exist. The problem is that in selecting the control children the experimenter capitalized on chance. Some of these children were doing poorly in school for transient reasons and, to that extent, will do better at retesting even if nothing is done to improve their performance in the meantime.
Regression effects are not confined to before-and-after designs but can appear on any variable related to the one on which I-ROI-matching is practised (19) . Since matching is only practised on variables, regression effects are always a problem; in the proband-normal design they are essentially ineradicable. "I suggest," writes Meehl (10) in a theoretical paper dealing with
In recent years proband-sibling comparisons have been used with increased frequency in psychiatric research (1, 3, 4, 7, 13, 15, 16) ; and there are good reasons for the growing popularity of this design. Siblings have major advantages as controls over biologically unrelated subjects, because the latter are not comparable to the proband in any unmatched respect. Comparability can be assumed only when it is explicitly imposed; hence there can be no more comparability than there is knowledge as to what affects the variables being studied. However, siblings share a common gene pool and usually the same home. Except in rare cases they are automatically controlled for race, religion, social class, ethnic status, and urban or rural upbringing. More important, they are partly controlled for many other things, environmental as well as genetic, which are as yet unknown. The proband-normal design almost always involves matching because the probands are not representative of the general population in all respects relevant to the variables being studied. For example, if the probands are children who have been exposed to a possibly baneful influence, regression effects, "that the ex post facto design is in most instances so radically defective in its logical structure that it is in principle incapable of answering the kinds of theoretical questions which typically give rise to its use." Meehl is too pessimistic, mainly because he equates the ex post facto and proband-normal designs. Any designs in which the experimenter does not exercise complete control over the assignment of study units (usually people) to experimental and control groups is ex post facto; but not all ex post facto designs depend upon matched controls. Specifically, the discordant twin and proband-sibling designs do not involve any selection of control subjects and hence are entirely free of regression effects. It is possible in a sibling study to select the brother or sister closest to the proband in age, and in this case regression effects have some room to operate, though not much. However, nothing prevents the study of all like-sexed siblings or confining conclusions to siblings within a certain number of years of the proband's age. Neither of these options provide sampling, selection, matching, or regression effects.
To put the case conservatively, siblings are methodologically strong controls. Only identical co-twins discordant for a particular psychiatric illness are stronger. But identical twins are relatively uncommon and discordant identical twins are rare. For instance, Stabenau and Pollin (I8) in reviewing the psychiatric literature on identical twins discordant for schizophrenia were able to locate case reports of only twenty-seven pairs from the United States and one hundred pairs overall, and in many of these reports the evidence on diagnosis, zygosity, and early life data were sparse or unsatisfactory.
In addition to being more available for psychiatric research, siblings have another advantage over discordant twins as controls. Being a twin is itself something special. Twins, compared to the more prosaic non-twin sibling pairs, are treated differently by parents and others, and view themselves differently. This 'specialness' of twins must have some effect on their individual development. It cannot be as-sumed either that the factors which differentiate a twin with a particular psychiatric syndrome from his unaffected co-twin will apply equally to non-twin sibling pairs or that a proband-sibling difference holds for proband-normal pairs but, since being a non-twin sibling is such a commonplace occurrence compared to being a member of a twinship, the sibling design has greater external validity (2) than discordant-twin studies; that is, conclusions reached by means of the proband-sibling design can be generalized more widely.
When discordant identical twins are regarded as being stronger controls than siblings, it is because the discordant-twin design provides complete genetic control and is unusually sensitive to environmental differences. But it is sensitive to environmental differences only and not at all to genetic differences. On the other hand the sibling control, while it is not as sensitive to environmental differences as the twin control, retains some sensitivity, not only to environmental differences but also to genetic differences. Discordant dizygotic twins are a special case of the probandsibling design.
This design also has limitations -only children, and sometimes children with no like-sexed siblings, are excluded. The preferred controls for a male proband are his brothers and for a female proband, her sisters. Further, when studying phenomena which are strongly age-related, only siblings who have reached or recently passed the age of onset of the behaviour under study can be included as controls. For example, in comparing the age of onset of smoking in a sibship where a proband has been recently identified as a legal delinquent, the like-sexed sibling control should not be more than two or three years older or younger than the proband. If he were, say, ten years older than the proband, he could not be expected to recall his smoking history with accuracy but if he were five years younger he would become a suitable control only when he reached the present age of the proband, which would necessitate a five-year wait. At that point his smoking behaviour and legal status as a delinquent or non-delinquent could be compared to those of the proband. Thus when using a sibling design to investigate strongly age-related behaviour it is necessary to use sibling controls who have just passed the age at which the behaviour usually onsets and can provide accurate recall of the pertinent data; or sibling controls who are about to reach the age at which the behaviour could be expected to onset, so that only a reasonable length of time is required before these younger siblings grow up to be adequate controls.
The age differences among the members of a sibship become less important if a 'follow-back' design is being applied (6) . For instance, when comparing the elementary-school IQs of a sibship where the proband is an adult schizophrenic, a suitable sibling control age-wise is one who is at least twelve-years-old, the usual age for completion of elementary school. The average age of probands in such a study would be expected to be over twenty and thus comparatively few siblings would be lost as controls because of age.
These considerations have two important corollaries. First, the sample size must be sufficiently large to withstand the loss of probands from the analysis for lack of like-sexed siblings of suitable age. Second, the use of a sibling design skews the sample towards larger sibships, since large families are more likely to have siblings of suitable sex and age for comparison, and family size itself is related to many variables important in behavioural research. For instance, it is strongly related to socioeconomic class, with the larger families being more common in the lower socioeconomic classes (14) . Thus, by using the sibship design there is a risk of having an overrepresentation of large families and, as a result, artificially weighting the sample towards the lower end of the social scale.
Another limitation of the proband-sibling design is that it cannot detect a betweenfamily effect. Sibling comparisons indicate nothing about the effects of an alcoholic father, growing up poor, or coming from a bilingual home. No determinant that applies to the family or sibship as a whole is amenable to study by the proband-sibling method. The sibling design is very sensitive to intrafamilial differences, both genetic and environmental, but it cannot be applied indiscriminately. However, intrafamilial influences are of paramount importance in psychiatry and the proband-sibling design, while it has its limitations, provides an effective practical compromise between the proband-normal and the discordant-twin designs.
As is the case with most designs, sibship comparisons generate special technical problems. One of these problems concerns the statistical analysis of sibship data and another has to do with geographic mobility, when probands and siblings located in adulthood are followed back to childhood records.
Technical Note 1
The analysis of proband-sibling differencespresents difficulties. A test now exists for multiple controls with all-or-none data (11); but it does not apply to siblings because it requires a uniform number of controls and different probands will have different numbers of siblings. In addition, it would be useful to have a test which can handle all-or-none, ordinal, or fully quantitative variations -the best would be a simple, always-applicable procedure for telling whether the probands differ from their siblings.
Suppose, for example, that it is necessary to know whether preschizophrenics. are more likely than their siblings to have repeated a grade in elementary school; Wilcoxon's matched pairs, signed-ranks test supposes m pairs where each pair is associated with a signed difference between its members, and it is possible to rank the differences according to magnitude (20) . In the usual case there are m pairs of scores, and associated with them m algebraic differences. In this case there is all-or-none information, repeating or non-repeating for the probands and their siblings, but from this information it is possible to derive differences which have sign and rankable .magnitudes. Hence, these derived differences can be treated with Wilcoxon's test.
Three rules should be applied:
• If the proband and his siblings are all repeaters or all non-repeaters, the sibship is tied and dropped from the analysis. Otherwise, • the sign of the difference is positive or negative according to the way the proband repeats or does not repeat; and • the magnitude of the differences is the probability of the proband's repeating (if he does not repeat) or not repeating (if he does repeat). For example, consider a sibship with four persons, including the proband, where one person repeats. If the proband is the repeater, the sign for the sibship is positive and the magnitude. 75, because there are three chances in four that the proband will not repeat. If he is one ofthe non-repeaters, the sign is negative and the magnitude is .25, because there is only one chance in four that the proband will repeat. Table I contains results for eight sibships, one of which is tied. In the Wilcoxon test the magnitudes are first ranked without regard to sign, beginning with rank I for the smallest magnitude. The central statistic is T, the sum of the positive ranks or the sum of the negative ranks, whichever is smaller. In this case there are two negative ranks. Sibship 4 has rank I because it has the smallest magnitude in the series; and sibship 5 has rank 2.5 because it is tied with sibship 1 for ranks 2 and 3. Altogether, then, T equals 3.5. This result may then be referred directly to published tables for the Wilcoxon test with n=7 (17) . Since a value of T~2 is necessary for significance at the .05 level, this result is not significant.
In order to compare probands and siblings on childhood IQ taken from old school records, there is now quantitative variation where formerly there was all-ornone information. Nevertheless, the modified Wilcoxon test can still be used. First, the IQs are arranged in order within sibships, and then four rules are applied: • If there is an odd number of scores, for example, the proband and four siblings, and the proband falls in the middle, the sibship is tied and dropped from the analysis. • If the proband is tied with one or more siblings and the tied scores taken as a group fall in the middle, that is, with as many scores below as above, the sibship is also tied and dropped from the analysis. • In any other circumstance the proband must score as low or lower or as high or higher than most of his siblings (but not both) and the sign of the difference is positive or negative, depending on the case. • The magnitude of the difference is the probability that the proband will score higher in the series than he does (if the sign is positive) and lower in the series than he does (if the sign is negative). For example, if a proband is second highest in a family of five the sign is negative and the magnitude .60, since there were three chances in five that the proband would score lower than he did. positive. Note sibship 5 in particular -the proband has the same IQ as one of his two sibs and a lower IQ than the other. Hence, he scores "as low or lower than most of his sibs" and the sign is positive. The magnitude is .33 because there is only one chance in three that the proband would score higher in the series than he did (have an IQ of 91 instead of 83). In any case T equals zero, since there are no negative ranks. With N =6 this result is significant at the .05 level.
Of course the Wilcoxon test is not original to this analysis. The novel parts are the rules for transforming proband-sibling data into signs and magnitudes so that the Wilcoxon test can be applied. These rules are simple, as is the test itself, and they apply to all-or-none, ordinal, or quantitative data. An ordinal variation is treated in the same way as a quantitative one. Moreover this test is relatively powerful, despite its simplicity. The power-efficiency of the test relative to the t test is 95 percent, even for small samples (12) .
Technical Note 2
A consistent finding concerning the childhood IQs of adult schizophrenics is that the schizophrenic-to-be tends to have the lowest IQ in his sibship (7, 15) . It has recently been reported (13) that this finding applies most strongly to low-IQ sibships where the schizophrenic-to-be is a boy. Mednick and McNeil (9) have pointed out that these studies involve a weakness common to almost all proband-sibling comparisons which identify the probands in adulthood, and follow them back to school records or other childhood evidences. Since the schizophrenics are admitted to mental hospitals in the same geographic area where they attend school, the patient himself is non-mobile; his siblings on the average are more mobile than he is. Hence, it is possible that the low IQ score of the patient compared to his siblings is related to the patient's non-mobility rather than to his schizophrenia. For instance, it is not known whether the school records of a normal sedentary adult and his siblings have a lower IQ for the index case.
How can this almost unavoidable problem be resolved with the follow-back design? An effective solution is to compare the patient not only with all his siblings but also with his non-mobile siblings only. If the significant differences found in the within-family analysis (using the modified version of the Wilcoxon matched-pairs, signed-ranks test outlined above) apply to the non-mobile siblings specifically as well as to the siblings generally, then mobility will not be a factor in determining the significant results.
For example, Table III presents the results previously reported (13) of the within-family analysis for childhood IQ for a sample of twenty-seven adult male schizophrenics and their siblings, with a mean family IQ~95. Also in Table III defined as one who was in the catchment area of the mental hospital where his schizophrenic sibling was admitted at the age which the proband was first admitted to that institution. So, for instance, if the proband was first admitted to the. mental hospital at age 26, the location of all the proband's siblings at age 26 was determined by interviewing the family. If a sibling was living in the catchment area of the mental hospital at that age he was considered to be non-mobile; for if he had been in need of mental hospitalization, he would have gone to the same mental hospital. Any sibling living outside the catchment area at that age was said to be mobile.
Returning to Table III , it can be seen that when only non-mobile siblings were considered, the schizophrenic-to-be still had a significantly lower IQ than his siblings. In fact, the result still held even when the non-mobile siblings were broken down according to sex. Therefore, in this case the observed differences between the probands and their siblings cannot be due to the probands ' non-mobility because it still holds when the siblings as well as the probands are non-mobile.
Summary
This paper examines the strengths and limitations of the proband-sibling design. tInasmuch as the non-mobile siblings are a subgroup of all siblings, this analysis involves some selection and, therefore, the possibility of regression effects. However. since the non-mobile siblings constitute a large portion of a small group, that is, all the proband's siblings, these regression effects are negligible.
As controls, siblings have two major advantages over biologically unrelated subjects. First, they provide better matching and, second, the sibling design is free from regression effects. Only discordant identical co-twins are stronger controls. However, discordant identical twins are not as available for psychiatric' research as siblings; the design is sensitive to environmental differences only; and the conclusions reached have less external validity than those reached through proband-sibling comparisons. The limitations of the sibling design include a skewing towards larger sibships and an inability to detect betweenfamily effects. These strengths and limitations are explored and their implications for psychiatric research discussed. Two technical problems associated with this design are examined. First, a statistical technique is presented which allows it to be determined whether the proband is different from his siblings without regard to sibship size or the form of the dependent variable. Second, it is shown how the role of geographic mobility can be clarified in follow-back studies using the proband-sibling design.
